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C(]ntainerless Processing Containerless processing provides a partialmuffle furnace, a zirconia muffle tube,
solution to these difficulties. Crucible oxygen atmosphere control and associated
Of YBaZCu307—d contamination is eliminated, allowing electronics. The levitation device was a

Superconductors access to the high-temperature portions of

the phase diagram. In addition,
containerless processing affords the

Marcus Viasse/ES76 possibility to deeply undercool melts

205-544-T7781 leading to unigue solidification paths and

E-mail: marcus.vlasse@msfc.nasa.gov microstructures. This degree of undercool-
ing should lead to enhanced physical

The production of bulk YBa2Cu307—d properties, in particular, improved critical

(YBCO) and other high-Tc superconductorscurrents (Jc).

that maintain high-current-carrying

capabilities has been hindered by weak  Containerless processing was performed
connectivity along grain boundaries, using pure YBCO powders and small
reactions at elevated temperatures with thespheres in a drop tube, as well as an aero-
container materials, incongruent melting  acoustic levitation device. The drop tube
behavior, and phase instabilities. (fig. 134) consists of a graphite element
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Ficure 134.—Schematic of the drop tupe.

Copper Plate

single dry air jet coupled to a three-axis
acoustic positioner. In this device, the small
spheres were heated using a,d&3er. Two
video cameras recorded the experiments
and monitored transient thermal events.
During the experiment, the samples were
annealed (kindled) for several minutes at
1,270 K and then heated quickly to about
2,070 K. They were then cooled rapidly
(300 to 400 K/sec). A pronounced recales-
cence (increase of heat) was observed in
some samples upon cooling. After solidifi-
cation, those spheres that showed pro-
nounced recalescence were annealed in
oxygen at 1,210 K for 14 hr and then cooled
slowly to 690 K and held for 40 hr to induce
the tetragonal-to-orthorhombic transforma-
tion and the superconducting state. SQUID
magnetometer measurements were
performed to calculate intragranular critical
current densities. X-ray diffraction and
microstructural analysis were also carried
out on preannealed and postannealed
samples. The microstructures developed in
the samples were primarily single-phase
tetragonal YBCO and YBCO with several
other related phases. In both cases, a
dendritic structure appears in clusters. The
formation of tetragonal YBCO indicates

that the liquid was undercooled to below the
peritectic temperature for this phase. Upon
annealing in oxygen, the samples became
single-phase orthorhombic YBCO with
randomly oriented grains of 10 to 20 mm in
size. The outer surface of the sample shows
a 70-mm layer with columnar structure. The
magnetic data indicate an intragranular Jc of
4x103 Alcn? at 50 KOe and 5 K, using the
Bean critical state model (fig. 135). If the
actual grain size is used (at 20 mm) in the
calculation, the Jc values would be two
orders of magnitude higher. The samples
processed in the drop tube show similar
behavior, and structural and physical
properties. Both the structure and properties
of processed YBCO depend on the degree
of undercooling, and deeply undercooled
samples show excellent critical current
densities in high magnetic fields.
Containerless processing of oxide supercon-
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Ficure 135.—Magnetic intragranular critical current density versus applied magnetic field
at 77K and 5K.

ductors can lead therefore to deep under- shielding, magnetic levitation and magnetic
cooling prior to solidification and result in  bearing development.
enhanced superconducting properties.
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due to oxygen partial pressure, time and  Olive, J.R., Hofmeister, W.H., Carro, G.,

temperature. The optimization of this Bayuzick, R.J., McHugh, J.P., Hopkins,
processing is a key step toward the R.H., and Vlasse, M.: “Containerless
successful continuation of superconducting Processing of YBa2Cu307-d Oxide
materials development and eventual Superconductors.” Containerless
application. In conclusion, the objectives of Processing: Techniques and Applications,
processing oxide superconductors by W. H. Hofmeister and R. Schiffman Eds.,

containerless methods and optimizing their p. 111, 1993.

preparation have been attained and have led

to enhanced Jc under magnetic fields. The Vlasse, M., Golben, J., Decher, R.: “Process
significant improvement in Jc would result ~ Optimization for 123 and Bi-based

in a major step toward the use of such Superconductors.” Applied Superconduc-
materials in the Materials Processing in tivity, 4, 79, 1996.
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